Purpose of Review To review the current practices of nonoperative management of posterior cruciate ligament (PCL) injuries, the natural history of conservative care, and the latest PCL rehabilitation strategies. Recent Findings PCL injuries often occur as part of a multiligamentous knee injury and occasionally occur in isolation. Although patients may be able to tolerate or compensate for a PCL-deficient knee, long-term outcomes after conservative care demonstrate a high rate of arthrosis in the medial and patellofemoral compartments resulting from altered knee kinematics and loads. Good subjective outcomes and a high rate of return to sport have been reported after nonoperative treatment of isolated PCL injuries. However, PCL laxity grade on objective exam does not typically correlate with subjective outcomes, nor does it correlate with the risk of developing osteoarthritis. Although more research is needed on the optimal PCL rehabilitation strategies, general principles include avoiding posterior tibial translation in the initial period to optimize ligament healing, followed by progressive range of motion and strengthening of the quadriceps and core musculature. At 12 weeks, patients may begin an interval running program, followed by agility work and progressive sports-specific training to allow for return to sports. Summary Nonoperative treatment of isolated PCL injuries results in good subjective outcomes and high rate of return to sport.
Introduction
Posterior cruciate ligament (PCL) injuries often present as part of a multiligamentous knee injury; however, they can occasionally occur in isolation depending upon the mechanism of injury. Conservative treatment of isolated PCL injuries has demonstrated good prognoses due to the intrinsic ability of the PCL to heal. However, chronic PCL deficiency leads to altered knee kinematics and loads, resulting in a prevalence of moderate to severe arthrosis of approximately 10% in the long-term [1] . Although nonoperative treatment is commonly used for isolated PCL injury, an ideal set of management and rehabilitation strategies remains undetermined.
Incidence, Mechanism of Injury, and Natural History of PCL Injury
Sanders et al. [2•] reported an age-and sex-adjusted annual incidence of isolated PCL tears of 1.8 per 100,000 persons. The incidence of PCL injury in acute knee injuries has been reported to be as high as 44% [3] . PCL injuries often present concomitantly with posterolateral corner (PLC) injury or multiligamentous injuries and occur less often in isolation [4] . Additionally, the severity of PCL injuries often corresponds with the presence of other ligamentous injury, as the majority of grade III PCL tears are associated with multiligament knee injuries [5] . PCL injuries most commonly occur from high-energy trauma (e.g., motor vehicle accidents) and sport-related injury [6] . Parolie and Bergfeld [7] reported a 2-3% incidence of chronic, asymptomatic PCL insufficiency in elite college football players.
Common mechanisms of PCL injury include the classic "dashboard" injury pattern, which involves a posteriorly directed force on the anterior aspect of the proximal tibia with the knee in a flexed position. In athletics, the typical mechanism of isolated PCL injury is a direct blow to the anterior tibia or a fall onto the knee with the foot in a plantarflexed position. When these mechanisms are combined with rotational or coronal plane forces, the medial and lateral knee structures are at risk for concurrent injury.
Although many patients may clinically tolerate a PCLdeficient knee, more recent studies have described altered kinematics and loads during functional activities [8] [9] [10] [11] [12] [13] . Tibiofemoral kinematic changes in the PCL-deficient knee consist of increased passive sagittal laxity of the medial compartment, persistent posterior subluxation of the medial tibia, increased lateral tibial translation, and decreased varus rotation during weightbearing flexion [8, 11, 12] . Van de Velde et al. [10] reported a shift of the peak tibiofemoral contact point to a more anterior and medial location on the tibial plateau and increased cartilage deformation in the medial compartment of patients with PCL deficiency. In contrast, PCL deficiency did not appear to change the location or magnitude of peak cartilage deformation in the lateral compartment. Additionally, patellofemoral kinematic changes in the PCL-deficient knee consist of increased patellar flexion angles and decreased lateral shift, patellar tilt, and valgus rotation during high flexion angles, resulting in a distal and medial shift of patellofemoral cartilage contact points [13] . This data is consistent with the results of long-term studies of nonoperatively treated PCL injury showing a high prevalence of arthrosis ranging from 11 to 53% in the medial and patellofemoral compartments, as well as an increased risk of injury to the meniscus and posterolateral structures [2, 9, [14] [15] [16] . In a population-based comparative study, individuals with isolated PCL tears had a higher risk of symptomatic arthritis and subsequent treatment with total knee arthroplasty than individuals without PCL tears [2] .
Clinical Evaluation
A thorough history of the patient's complaints and the mechanism of injury can aid in identification of PCL injuries and distinguishing them from other intra-articular injuries. Often, the patient has sustained a traumatic injury or a sport-related injury [17] . In the setting of high-energy trauma, such as a motor vehicle accident, patients typically report an inability to bear weight, instability, and decreased knee range of motion. The classic "dashboard" injury pattern results from a posteriorly directed force on the anterior aspect of the proximal tibia with the knee in a flexed position. Associated capsuloligamentous injury should be suspected in these patients due to the possibility of a transient knee dislocation. High-energy trauma patients may present with lifethreatening injuries; and therefore, PCL or multiligamentous injuries can be easily overlooked.
In athletics, the typical mechanism of isolated PCL injury is a direct blow to the anterior tibia or a fall onto the knee with the foot in a plantarflexed position. In contrast to acute ACL injuries, patients seldom report feeling or hearing a "pop" and may be able to continue play. Isolated PCL injuries may have more subtle presentations, with patients reporting stiffness, swelling, and pain localized to the posterior knee or pain with deep knee flexion. For chronic isolated PCL injuries, complaints of anterior knee pain, difficulty ascending stairs, and instability are typical [18] .
Physical examination should begin with assessment of the patient's gait and overall limb alignment. Varus alignment, external rotation recurvatum, and varus thrust during the stance phase of gait may be present in patients with concomitant PLC injury. An effusion is usually present after an acute injury. A complete neurovascular examination of the lower extremity should be performed on all patients with suspected ligamentous injuries.
The integrity of the PCL is most accurately assessed with the posterior drawer test. With the patient lying supine and the knee flexed to 90°, a posteriorly directed force is placed on the proximal tibia. In a PCL-deficient knee, the tibia may be posteriorly subluxated; therefore, an anteriorly directed force is usually needed to reduce the tibia to neutral position before applying the posteriorly directed force. In cases of isolated PCL tears, posterior tibial translation is decreased with internal rotation of the tibia as a result of tightening of the superficial medial collateral ligament and posterior oblique ligament, which act as secondary restraints to posterior tibial translation. The grading system for PCL injuries is based on the amount of posterior tibial translation observed during the posterior drawer test. Grade I injuries are defined as those with 0 to 5 mm of increased posterior tibial translation compared to the contralateral knee. Grade II injuries are defined as those with 6 to 10 mm of increased posterior tibial translation. Grade III injuries are defined as those with more than 10 mm of increased posterior tibial translation. The presence or lack of a firm end point should also be noted. PCL insufficiency can also be graded with a more simplified clinical grading system based on the position of the medial tibial plateau relative to the medial femoral condyle during the posterior drawer test. In grade A injuries, the plateau remains anterior to the medial femoral condyle. In grade B injuries, the plateau is flush with the medial femoral condyle. In grade C injuries, the plateau displaces posterior to the medial femoral condyle [19] .
The quadriceps active test can aid in the diagnosis of complete PCL tears. With this test, the patient lies supine and the knee is flexed to 90°. While the examiner stabilizes the foot, the patient is asked to contract the quadriceps isometrically. In a complete PCL tear, the posteriorly subluxed tibia will dynamically reduce during quadriceps contraction.
Combined PCL and PLC injuries can be diagnosed with the "dial" test or external rotation test. This test is performed with the patient positioned prone or supine. An external rotation force is applied to both feet with the knees at 30°and then 90°of flexion. A side-to-side difference of 10°or more is considered abnormal. Increased external rotation at 30°only indicates an isolated PLC injury, while increased external rotation at both 30 and 90°suggests a combined PCL and PLC injury. Varus laxity should also be evaluated.
Imaging
Plain radiographs of the knee should be obtained, including bilateral standing anteroposterior, 45°flexion weightbearing posteroanterior, Merchant, and a lateral view of the affected extremity. These views allow for assessment of fractures, preexisting arthritis, and tibial slope. Any posterior tibial subluxation, avulsion fractures, and tibial plateau fractures should be noted. Medial or patellofemoral compartment arthritic changes may be indicative of the chronicity of the PCL injury. If coronal malalignment is suspected, full-length hip-to-ankle films are helpful in determining overall limb alignment.
Magnetic resonance imaging (MRI) is the imaging modality of choice to confirm the presence of a PCL tear and any associated ligamentous or cartilage injury. On T1-and T2-weighted sagittal MRI images, the normal PCL appears dark in nature and is curvilinear in appearance. With an acute PCL injury, the MRI will reveal increased signal within the PCL or disruption in the continuity of the ligament fibers (Fig. 1) . Chronic PCL tears resulting in posterior tibial subluxation of less than 8 mm have the potential to heal with restoration of ligament fiber continuity on MRI [20] .
Nonoperative Treatment
Historically, isolated PCL injury has been initially managed with a trial of conservative treatment, regardless of severity. This was in part due to inconsistent efficacy of PCL reconstruction in restoring normal function and kinematics, with the most commonly reported complication being residual posterior laxity [21] [22] [23] . Recent arthroscopic techniques for PCL reconstruction may result in improved reliability of the procedure, although there is a paucity of long-term outcome studies using these new techniques. Good subjective functional outcome scores and a healed appearance of the PCL on MRI are often noted after nonoperative treatment of isolated PCL injuries, even though less than satisfactory objective findings may be detected on physical exam [16, 24, 25] . Therefore, patients may be able to clinically tolerate or compensate for a PCL-deficient knee.
In general, nonsurgical treatment has been advocated for patients with isolated grade I or II PCL injuries or those with grade III injuries but have mild symptoms or only participate in low-demand activities [26•] . Factors that contribute to the secondary stability of the knee, including the posterior tibial slope, chondral topography, inherent knee laxity, and quadriceps strength, should also be considered in the management of these injuries. The clinical outcomes after nonoperative treatment of isolated PCL injuries have demonstrated good long-term subjective outcomes, a high rate of return to sport, and evidence of successful healing on MRI, although many of these studies may be influenced by the inclusion of mostly low-grade PCL injuries. The outcomes of clinical studies from the last 10 years of patients treated nonoperatively are summarized in Table 1 . Shelbourne et al. [1] reported on 68 patients with an acute, isolated PCL injury treated nonoperatively and followed prospectively for a minimum of 10 years. In these patients, quadriceps strength was near equivalent to the uninvolved leg, and all had full knee range of motion. Moderate to severe osteoarthritis was present in 11% of knees, although the grade of osteoarthritis on radiographs was not correlated with PCL laxity grade. Agolley et al. [27•] examined the outcomes of nonoperative treatment of high-grade PCL injuries in 46 professional or semi-professional athletes with a mean age of 26.2 years. Sixty-one percent of patients played rugby, and 26% of patients played soccer. All patients were treated with initial bracing, followed by an individualized rehabilitation program determined by symptoms and physical signs. The mean time to return to sportsspecific training was 10.6 weeks, and the mean time to return to full competitive sports was 16.4 weeks. At 2 years after injury, 91.3% of patients were playing at the same or higher level of sport.
Goals of Rehabilitation
This section will discuss components of an evidencebased rehabilitation program based on physiology and 
Phase 1: Protective Phase (Weeks 1-6)
During the first few weeks, the goals of treatment should focus on effusion control, knee range of motion within prescribed limits, normalization of gait, and reactivation of the quadriceps musculature. Hyperextension of the knee and posterior tibial translation should be avoided during this initial phase. Immediately after injury, it is common to have swelling, generalized knee pain, and loss of motion. Joint effusion has been shown to inhibit the quadriceps, resulting in loss of musculature and subsequent "knee buckling" [28] (Fig. 2) . Treatment strategies to address effusion consist of cryotherapy, elevation, joint compression, transcutaneous electrical stimulation, and manual therapy techniques. Once the effusion is controlled and the patient can perform a straight leg raise without a quadriceps lag, they can begin to progress off of crutches. Weight bearing may be limited the first 2 weeks to partial weight bearing (PWB) or weight bearing as tolerated (WBAT) depending on the grade of injury.
The knee is typically immobilized for 2-4 weeks to prevent tibial subluxation [29] [30] [31] [32] . Currently, there is limited information evaluating the specific efficacy of PCL knee braces. One would expect a properly designed PCL brace to apply correct anatomic joint forces that vary with knee flexion angle, prevent excessive posterior tibial translation, and also provide adjustability to satisfy the demands of various activities [29] [30] [31] [32] [33] . It has been reported that healing of the ligament in an elongated position can lead to chronic instability [30, 34, 35] . As a result, bracing with an anterior drawer force has demonstrated that placing the PCL in a reduced position, with less posterior sag allows for improved healing [30, 34, 35] . Jacobi et al. [36] utilized a dynamic anterior drawer brace (PCL Jack brace) to treat patients with an acute, isolated PCL injury and reported reduced mean posterior sag from 7.1 mm at the time of injury to 2.3 mm at 12 months and 3.2 mm at 24 months. The brace was worn for 4 months and applied an anteriorly directed force on the posterior proximal tibia while allowing full weight bearing through a ROM from 0 to 110°.
Range of motion exercises initially should be performed in the prone position to avoid stressing the healing ligament from hamstring activation causing posterior translation of the tibia [30, 35] . Knee flexion may be limited to 90°for 2 weeks, then progressed to full motion. Biomechanical studies have demonstrated the least amount of stress on the PCL between 40 to 90°of flexion [30, 31, 37, 38] . Patella mobilizations are performed to minimize decreased ROM and quadriceps inhibition Fig. 2 Joint effusion of the left knee during acute phase of injury [37] . Restoration of soft tissue balance can be achieved with ROM exercises and addressing gastrocnemius-soleus and hamstring flexibility. Strengthening for the quadriceps and proximal hip is crucial for stability as well as reducing loads to the knee [39] [40] [41] . Quadriceps setting is performed to address quadriceps activation, and straight leg raises (SLR) are performed once the quadriceps has sufficient strength to lock the joint into terminal knee extension without a quadriceps lag. Quadriceps inhibition can be addressed with electrical muscle stimulation and biofeedback with either quadriceps setting and/or straight leg raises [41] . Once 115°is achieved, a stationary bike may be performed with no resistance [30] . Weight shifting and proprioception exercises are progressed from 2 limbs to 1 limb (Fig. 3a-c) . Double-limb strengthening, such as squats and leg press, are limited to no more than 70°of flexion to avoid stress to the healing PCL [30] .
Transitional Phase: Phase II (Weeks 6 to 12)
The goals of phase II are to enhance proprioception and strengthen the lower extremities in order to perform light low-impact activities pain free and without effusion. Patients are full weight bearing and should achieve full knee ROM. Knee hyperextension and posterior tibial translation should continue to be avoided. Double-leg strengthening may still be limited to no more than 70°o f knee flexion [42] . Strengthening with closed kinetic chain exercises (squats and leg press) are performed and limited to 0 to 70°of flexion. With squats, the patient and therapist must ensure that compensatory movements are not performed, such as shifting away from the injured limb (leg dominance) and genu valgus (Fig. 4a-c) . Leg dominance relates to side-to-side symmetry, balance, and muscular strength, which may place both limbs at risk [34] [35] [36] . This will cause the weaker limb to be compromised in its ability to dissipate forces while the stronger limb is subjected to high forces secondary to increased dependence and excessive loading [39, 40] . Proprioceptive exercises are advanced from double to single limb, and on varying unstable surfaces.
Functional Phase (Weeks 12-16)
In phase 3, any bracing should be discontinued and the goal is to return to light activities such as a jogging program [42] . Closed-chain exercises may advance past 70°and can progress to single-limb pending strength and quality of movement. Isolated hamstring exercises can be performed and advanced as tolerated (Fig. 5a-c) . Core strengthening, proprioception, and neuromuscular control are advanced to restore dynamic stabilization of the knee joint (Fig. 6a, b) . In order to advance to running, the patient must demonstrate sufficient strength and stability on one limb, as well as be pain free and without effusion with functional activities (Fig. 7a, b) . Agility work may begin with a focus on quality of movement and coordination that is specific to the patient's goals or sport.
Return to Play Phases (Weeks 16-24)
Further phases are dedicated to establishing a full-strength base for advanced movements and functional exercises, endurance, sports-specific agility, neuromuscular control, and ensure quality of movement to avoid re-injury [29, [42] [43] [44] . Compensatory movements should be assessed and addressed to avoid re-injury as well as future injury. Dynamic stabilization drills and plyometrics are advanced from double limb to single limb. Plyometric exercises are explosive and meant to build power, strength, and speed. These activities involve jumping, landing, and cutting maneuvers in varying planes 
Conclusions
Although good subjective outcomes and high rate of return to sport have been reported after nonoperative treatment of isolated PCL injuries, the resultant aberrant knee kinematics and loads often leads to arthrosis of the medial and patellofemoral compartments. The ideal management of PCL injuries remains uncertain and controversial. More research is needed on the optimal rehabilitations strategies in order to reliably improve outcomes after nonoperative treatment.
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